Introduction {#sec1-1}
============

Pulmonary artery hypertension (PAH) is defined as a mean pulmonary artery pressure (PAPm) ≥ 25 mmHg with a pulmonary capillary wedge pressure ≤ 15 mmHg, measured by cardiac catheterization.\[[@ref1][@ref2]\] A patient is said to be suffering from idiopathic PAH (IPAH), when there is no identifiable etiology for the rise in pulmonary artery pressure. IPAH was earlier known as primary pulmonary hypertension (PPH). The etiology of secondary PAH includes a wide spectrum of factors like drugs, toxins, portal hypertension, HIV, collagen vascular diseases, and persistent pulmonary hypertension of newborn, etc. The geographic distribution and economic diversity along with significant regional variations in human development and healthcare infrastructure make the estimation of the disease prevalence very difficult.

Scenario in India and in the Developing World {#sec1-2}
=============================================

India is currently in the grip of an epidemic of cardiovascular disease (CVD) secondary to diabetes, hypertension, and atherosclerosis.\[[@ref3]\] CVD is a leading cause of death and disability and the absolute magnitude of CVD morbidity and mortality is staggering. With most of the public health attention being focused on atherosclerotic cardiovascular disease, the problem of pulmonary hypertension is largely overlooked. The etiology of pulmonary hypertension is diverse and all the identifying causes of PAH are prevalent in the developing world in a much larger magnitude as compared to the western world.

Estimates of disease prevalence are very difficult in the developing world because of geographic, economic, socio cultural, and ethnic diversity along with regional variations in healthcare infrastructure. A lot of patients with PAH are unlikely to reach centers that have the capability of making the diagnosis, especially in patients with IPAH. Disease registries therefore capture only a small proportion of patients with the disease.

No published estimates are available on the expected magnitude of the incidence of IPAH in India; however, overall magnitude is likely to be substantial if the data on incidence (1-4 per million per year) from industrialized countries are to be extrapolated.

The magnitude of PAH as a result of uncorrected congenital heart disease (CHD) is likely to be staggering given the large number of these patients in the developing world.\[[@ref4]\] Population based studies done in school children have reported a CHD prevalence of approximately 4/1000.\[[@ref5][@ref6]\]

The disease burden is estimated with extrapolating from the prevalence data.

The other conditions which may have increased prevalence in India include portal hypertension, HIV associated PAH, and PAH associated with respiratory system disorders. Pulmonary venous hypertension is very common in India due to the large prevalence of rheumatic valvular heart disease and contributes to a large majority of patients with severe pulmonary hypertension.\[[@ref7]\] There are no published estimates in India of magnitude of PAH resulting from PAH related to collagen vascular disorders, drugs/toxins, persistent pulmonary hypertension of the new born, and PAH caused by chronic thrombotic or embolic disease.

Clinical Features {#sec1-3}
=================

The earliest presenting symptoms are effort related. Patients come with exertional dyspnea with an insidious onset. When right ventricular failure sets in, patients start having lower extremity edema from venous congestion. Angina is a common symptom, representing more advanced disease. Orthopnea and paroxysmal nocturnal dyspnea (PND) are seen in patients with PAH related to left ventricular diastolic dysfunction.\[[@ref8]\] On examination, the jugular venous pressure is found to be raised with a large 'a' wave. Owing to the high pressure, the pulmonary artery pulsations are palpable. A left parasternal heave is also felt. On auscultation, an ejection click and a flow murmur in the pulmonary area is usually heard. Signs of right ventricular failure like hepatomegaly and ascites may occur late in the course.

Pathophysiology {#sec1-4}
===============

PAH was once regarded mainly as a disease of excess vasoconstriction, but this view was incomplete and new concepts have been developed in the recent years in the pathophysiology of this disease process. There is unchecked increase in the proliferation of smooth muscle cells and dysregulated control of endothelial cells with apoptosis and dysfunction in some areas and profuse proliferation in others. PAH is a disease of the precapillary pulmonary arterial bed, including the medium sized pulmonary arteries and pulmonary arterioles characterized by vascular obliteration. PAH is considered a panvasculopathy. Serum serotonin levels are elevated; hence decreasing the vasodilator/ vasoconstrictor ratio.\[[@ref9][@ref10]\] Prothrombotic factors including tissue factors are increased.\[[@ref11]\] Widespread endothelial apoptosis result in proliferation of apoptosis- resistant endothelial precursor cells that proliferate and eventually form plexiform lesions.\[[@ref12]\] In the media, pulmonary artery smooth muscle cell (PASMC) apoptosis is suppressed and proliferation is enhanced.\[[@ref13]\] The factors which promote PASMC proliferation include mutation\[[@ref14]\] or downregulation\[[@ref15]\] of bone morphogenetic protein receptor type 2 (BMPR2), mitochondrial metabolic abnormalities, de novo expression of survivin protein,\[[@ref16]\] increased expression of serotonin transporters,\[[@ref17]\] increased expression of platelet derived growth factor receptor,\[[@ref18]\] and tyrosine kinase activation.\[[@ref19]\]

PAH has a genetic component. The bone morphogenetic proteins (BMP) are part of the transforming growth factor superfamily (TGF-β). Most patients with familial PAH have loss of function mutation in BMPR2.\[[@ref20][@ref21]\] TGF-β receptors control diverse processes involved in vascular remodeling including cell proliferation, apoptosis, cellular differentiation, and collagen and extracellular matrix turnover. A loss of function mutation in the BMPR2 results in an imbalance in the equilibrium between the opposing effects of TGF-β and BMP signaling, which in the smooth muscle cell favors a pro proliferative and anti apoptotic response, but in the case of endothelial cells, has anti proliferative and pro apoptotic effect. This leads to smooth muscle cell proliferation and endothelial hyperplasia. Complex pathophysiological and histological changes are observed in patients with PAH \[[Figure 1](#F1){ref-type="fig"}\]. Plexiform arteriopathy is the pathological hallmark of advanced PAH. It represents a collection of proliferating endothelial cells, smooth muscle cells, fibroblasts and endothelial progenitor cells. Proximal to these lesions, the pulmonary arterioles are dilated and this is accompanied by distal loss of vasculature. The latter process is possibly because of increased apoptosis of endothelial cells and pericytes.\[[@ref22]\] Hypovasodilatation seen in patients of PAH appears to be the result of loss of endothelial cell integrity for which a defect in the nitric oxide synthase system appears to be responsible. Patients with IPAH have been found to have decreased levels of endothelial derived vasodilator prostacyclin and nitric oxide. Increased levels of endothelin 1 which is a potent vasoconstrictor have been found in such patients.\[[@ref23]\] The dysfunctional pulmonary hypertensive endothelial cell phenotype is characterized by uncontrolled proliferation, increased production of vasoconstrictor mediators such as endothelin, expression of 5-lipooxygenase, and decreased synthesis of prostacyclin.\[[@ref24]\] In patients with IPAH, expression of prostacyclin synthase is reduced in pulmonary arteries, which is one of the phenotypic alterations present in pulmonary endothelial cells in these patients. Reduced expression of endothelial isoform of NO synthase has been demonstrated in the pulmonary vasculature and correlates inversely with the extent and severity of morphological lesions.\[[@ref24]\] Serotoninergic appetite suppressants such as fenfluramines have been associated with increased risk of PAH.\[[@ref25]\] Serotonin acts at membrane receptors resulting in vasoconstriction and also enters pulmonary vascular smooth cells leading to proliferation. Voltage gated potassium channels in pulmonary artery smooth muscle cells appear to be blocked by anorectic agents, thus causing enhanced smooth muscle cell proliferation and vasoconstriction.

![Pathogenesis for development of PAH and sites of drug action. Kv-voltage-gated potassium channels; ACE- angiotensin converting enzyme; PDE-phophodiesterase enzyme\
(*Adapted from: Archer SL, Weir KE, and Wilkins MR. the Basic Science of Pulmonary Arterial Hypertension for Clinicians: new concepts and experimental therapies. Circulation. 2010 May 11; 121(18): 2045--2066*)](IJPharm-44-4-g001){#F1}

Classification {#sec1-5}
==============

The Venice 2003 classification\[[@ref26]\] is summarized in [Table 1](#T1){ref-type="table"}. This classification helps immensely as a guide to clinical assessment and treatment for these patients. In addition, PAH has been classified functionally in a similar pattern to New York Heart Association functional classification of Heart disease \[[Table 2](#T2){ref-type="table"}\].\[[@ref27]\] Modification of the Venice classification was done in 2008 by a consensus of international group of experts at Dana point, California \[[Table 3](#T3){ref-type="table"}\]. This has maintained the general philosophy and organisation of the Venice classification, yet incorporates recent information on this subject.\[[@ref28]\] IPAH is a rare disease, though secondary PAH associated with other conditions like connective tissue disorders and congenital heart disease is relatively common.

###### 

Classification of Pulmonary Hypertension\[[@ref26]\]
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###### 

WHO Functional Classification of Pulmonary Hypertension\[[@ref27]\]
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###### 

Updated clinical classification of Pulmonary Hypertension from Dana point, 2008\[[@ref28]\]
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Diagnostic Workup {#sec1-6}
=================

Patients of PAH must undergo a complete evaluation to help establish a diagnosis (to rule out secondary causes), to assess the severity, as a guide to treatment modalities and for determining the prognosis. Electrocardiogram (ECG), chest X-rays, echocardiogram, and a complete blood profile including liver, renal and thyroid function tests are recommended.\[[@ref29][@ref30]\] Biomarkers are useful in assessing severity and a correlation with hemodynamics. Elevated levels of N-terminal pro-brain natriuretic peptide and serum uric acid correlate with adverse right ventricular (RV) function and prognosis.\[[@ref31]--[@ref33]\] As connective tissue and collagen vascular diseases have a strong association with PAH, immunological tests may be done to rule out the same if the index of suspicion is high. HIV infection should be ruled out in all patients. Spiral CT chest has been successfully used in diagnosing chronic thromboembolic pulmonary arterial hypertension (CTEPH). It helps in visualizing thrombi in the pulmonary vasculature and also shows a mosaic perfusion of the lung parenchyma in CTEPH. Pulmonary angiography helps to confirm and rule out treatable forms of CTEPH in patients whose perfusion scans suggest segmental or lobar defects. MRI can help assess RV mass and volume and the presence of septal delayed contrast enhancement at the RV enhancement points correlates with the severity of PAH.\[[@ref34]\] Right heart catheterization helps in confirming the diagnosis of PAH, exclusion of other causes, assessing the severity of the disease and establishing its prognosis. Acute vasodilatory testing may be done with drugs including adenosine, epoprostenol, and nitric oxide to assess pulmonary vasoreactivity which serves as a guideline while initiating treatment.\[[@ref1]\] The six minute walk test helps in staging the disease, estimating prognosis and is used as an endpoint for calculating the efficacy of therapy.\[[@ref35]\]

Management {#sec1-7}
==========

The diagnostic protocol mentioned should be followed to establish a correct diagnosis and rule out secondary causes. Baseline assessment of the disease should be carefully recorded through various modalities including cardiac catheterization and exercise testing. Vasoreactivity should be tested before initiating therapy with calcium channel blockers and non reactive patients should be offered other therapies. The beneficial effects of drug therapy should be closely monitored over six to eight weeks. Treatments which are not effective should be replaced.

General Measures {#sec1-8}
================

Patients are advised to avoid heavy physical exertion and exposure to high altitude, while low grade aerobic exercises as tolerated are recommended. Patients should adhere to a sodium restricted diet and should be immunized against influenza and pneumococcus. Pregnancies should be avoided or terminated early as there is a high mortality rate associated with the same. Many PAH patients develop anxiety and depression and require psychosocial support. Elective surgeries carry an increased risk and if unavoidable, these patients should be administered epidural rather than general anesthesia. The following treatment is recommended:

Supportive Treatment {#sec1-9}
====================

 {#sec2-1}

### Supplemental Oxygen {#sec3-1}

This may help patients who experience activity induced hypoxia which in turn contributes to pulmonary vasoconstriction.\[[@ref1][@ref2]\]

### Anticoagulation {#sec3-2}

A few trials have shown improved survival in patients with PAH treated with oral anticoagulation.\[[@ref36][@ref37]\] Various guidelines recommend anticoagulation with warfarin in patients with IPAH and CTEPH.\[[@ref1][@ref2]\]

### Digoxin {#sec3-3}

This drug exerts a favorable effect in patients with RV failure with an approximate 10% increase in the resting cardiac output.\[[@ref1][@ref2]\]

### Diuretics {#sec3-4}

These drugs help markedly in symptom relief by taking care of the fluid overload related to right heart failure.\[[@ref1][@ref2]\]

### Acute Vasoreactivity Test and treatment with Calcium channel blockers {#sec3-5}

Current recommendations include the use of an oral calcium channel blocker in patients without right heart failure who have had a favorable response to acute vasodilator challenge on cardiac catheterization.\[[@ref1][@ref2]\] A favorable response is defined as a fall in mean pulmonary artery pressures of ≥ 10 mmHg and ≤ 40 mmHg on acute vasodilator testing with drugs like intravenous epoprostenol, adenosine, or inhaled nitric oxide. High doses of drugs including amlodipine (20 to 30 mg per day), nifedipine (180-240 mg per day), and diltiazem (720-960 per day) have to be used to realize full benefit. Verapamil should be avoided because of its negative inotropic effect. Patients initiated on calcium channel blockers should be closely followed up after three months and alternative PAH therapy should be considered in non responders.

Specific Drug Therapies {#sec1-10}
=======================

 {#sec2-2}

### Prostacyclins {#sec3-6}

Prostacyclin is a product of arachidonic acid metabolism and is a potent vasodilator of pulmonary and systemic circulations and also inhibits platelet aggregation. Prostacyclin levels are low in patients with PAH and this leads to a relative rise in thromboxane levels which further is responsible for vasoconstriction and smooth muscle proliferation.\[[@ref38]\] Prostacyclin analogs including epoprostenol, treprostinil, iloprost, and beraprost are currently in use as therapeutic agents in PAH. The route of administration varies for most of them as intravenous, subcutaneous, inhalational, and oral depending on the individual half-life and mode of absorption.

Intravenous *epoprostenol* was the first prostacyclin analog approved by the US FDA for the treatment of PAH. It has a rapid onset of action and reaches steady state levels in less than fifteen minutes, but has a very short half life of less than six minutes; hence must be delivered by a continuous intravenous infusion via a tunneled catheter.\[[@ref39]\] Patient education is a must for the use of epoprostenol as the sterile preparation of the drug and the infusion pump use must be done by the patient or his/her attendants. The starting dose of the drug is 2 ng/kg/min (started in the hospital) and this is usually up titrated to the chronic therapeutic dose of 25 to 40 ng/kg/min. A high output cardiac failure is a known adverse effect of cardiac overdose.\[[@ref40]\] Side effects include flushing, headache, nausea, diarrhea, jaw discomfort with eating, chronic foot pain, and gastropathy. Local site infections and sepsis related to the catheter site are also known complications of epoprostenol use. Intravenous epoprostenol has been shown to improve symptoms, exercise capacity and prognosis in IPAH and also in PAH associated with scleroderma.\[[@ref41]\]

*Treprostinil* is a prostacyclin analog with a longer half life (4.5 hours) and is stable at room temperature. It has been approved by the Food and Drug Administration (FDA) for use as a subcutaneous infusion for patients with functional class II, III, and IV PAH. Treprostinil was first studied in a multi-center trial of 470 patients of PAH and showed a significant improvement in exercise capacity and pulmonary hemodynamics at 12 weeks of treatment.\[[@ref42]\] Intravenous treprostinil has also been evaluated, but there has been an increased overall infection rate noted compared to epoprostenol. Side effects of subcutaneous therapy include pain and erythema and at infusion site, headache, diarrhea, rash, and nausea.\[[@ref43]\]

*Iloprost* is a synthetic prostanoid which can be delivered in an inhalational form through an adaptive aerosol device. It has been approved by the FDA for treatment of functional class III and IV patients with PAH.\[[@ref44]\] It has to be administered six to nine times a day when the patient is awake. It is stable at room temperature and has minimal systemic side effects because of direct pulmonary deliverability. Disadvantages of iloprost include requirement of multiple doses and absence of treatment during sleep.\[[@ref43]\] Common side effects include cough, headache, flushing, and jaw pain. Long term prospective data on iloprost use in PAH has shown only modest survival benefit\[[@ref45]\] and hence its role has been suggested as an adjunctive to epoprostenol.\[[@ref43][@ref45]\]

*Beraprost* is an orally active prostanoid which is not approved by the FDA, but is approved in Japan for the treatment of PAH. It has been shown to improve exercise capacity and symptoms at 12 weeks, but loses its efficacy over a year.\[[@ref40]\]

### Endothelin Receptor Blockers {#sec3-7}

Endothelial cells produce endothelin-1 which is one of the most potent vasoconstrictor ever isolated. ET-1, ET-2, and ET-3 are the members of a family of similar polypeptides, but each one is encoded by different genes. There are two different types of ET receptors which have been cloned, ET~A~ and ET~B~. ET~B~ receptor activation leads to decreased arterial pressure and natriuresis through effects on adrenal gland, heart (negative inotropy), decreasing sympathetic activity, and systemic vasodilatation. ET~A~ receptor activation leads to increased arterial pressure and sodium retention via increased sympathetic activity, positive inotropy of the heart, increased catecholamine release, and systemic vasoconstriction.\[[@ref46]\] The endothelin system is hyperactive in PAH with increased endothelin levels and up regulation of endothelin receptors in pulmonary vasculature. Various endothelin receptor blockers are available for therapy.

*Bosentan* is a non-selective endothelin antagonist blocking both ET~A~ and ET~B~ and was the first oral drug which was FDA approved for the treatment of PAH. Multiple trials have demonstrated the efficacy of bosentan in improving pulmonary hemodynamics and functional capacity in patients with PAH. Recent studies have demonstrated improved survival at one and two years post therapy.\[[@ref47][@ref48]\] Bosentan has also been studied in the pediatric age group and has demonstrated a significant hemodynamic improvement in pulmonary artery pressures. The approved dosage of bosentan is 125 mg twice a day and is the first line medication in patients who have the New York Heart Association (NYHA) class III to IV symptoms. Bosentan use causes a dose dependant increase in hepatic transaminases in 10% patients and dose reduction/interruption is recommended for a ≥ threefold rise.\[[@ref49]\] There have been no reports of permanent liver damage.\[[@ref50]\]

*Sitaxsentan* is an ET~A~ receptor selective antagonist which is administered as a once daily oral dose. It is not FDA approved, but is currently in use in Europe and Canada. It is not as hepatotoxic as bosentan and a rise in prothrombin time is a frequent side effect because of the inhibition of CYP2C9 P450 enzyme which is involved in the metabolism of warfarin.\[[@ref51]\] *Ambrisentan* is also a relatively selective ET~A~ blocker which is FDA approved for PAH treatment in patients with functional class II and III symptoms. It is given as a five mg daily oral dose and studies have shown improvements in functional class and quality of life indices. There is little risk of hepatotoxicity. So far, there is no data on survival improvement with Ambrisentan therapy.\[[@ref51]\] As a class, endothelin receptor antagonists are teratogenic and hepatotoxic to different degrees. Patients on these drugs should be regularly monitored with liver function tests and pregnancy tests in women of child bearing potential.

### Phosphodiesterase Inhibitors {#sec3-8}

Nitric oxide (NO) is a vasodilator and inhibits smooth muscle cell proliferation. It is produced by nitric oxide synthase, the levels of which are decreased in patients with PAH. The effects of NO are mediated through cGMP which is degraded by phosphodiesterase (PDE) especially PDE-5. Hence, PDE-5 inhibitors have been used in the treatment of PAH as they prolong and increase the vasodilating effects of cGMP. *Sildenafil* is a highly selective PDE--5 inhibitor which was initially approved for the treatment of erectile dysfunction. It was subsequently found to have pulmonary vasodilatory effects and when administered orally has been shown to be as effective in improving pulmonary hemodynamics as inhaled NO.\[[@ref52]\] Sildenafil has a preferential effect on the pulmonary circulation and has been shown to improve significantly the six minute walk distance and functional capacity in patients with PAH. The recommended dose is 20 mg three times a day and doses upto 80 mg three times a day have been used. However, escalation above the recommended dose has not been proved to be of additional benefit. Side effects include headache, flushing, dyspepsia, and epistaxis, but in general, the drug is well tolerated.\[[@ref52]\]

*Tadalafil* is a longer acting PDE-5 inhibitor which is currently undergoing clinical trials and remains investigational as a therapeutic agent for patients with PAH.\[[@ref53]\]

*Vardenafil* is a new PDE-5 inhibitor which has been approved for the treatment of erectile dysfunction, but is not yet approved for the treatment of PAH. It lacks selectivity for the pulmonary circulation even though it has the most rapid onset of action.\[[@ref53]\]

Disease targeted therapy of PAH {#sec1-11}
===============================

The ACCP 2007 recommendations\[[@ref2]\] for PAH are based on functional class with other variables like six minute walk distance and right heart failure also being considered. These recommendations have targeted different functional classes with specific drug therapy (from the above mentioned groups of drugs).

Functional Class II: Approved therapies include oral sildenafil, intravenous and subcutaneous treprostinil, and oral ambrisentan. Sildenafil may be the first choice due to ease of oral therapy, better safety profile, and lower cost.

Functional Class III: Approved medications include bosentan/ ambrisentan, sildenafil, intravenous prostanoids like epoprostenol, inhaled iloprost or IV treprostinil. Oral medications are preferred in stable class III patients, while unstable patients should receive intravenous, inhaled, or subcutaneous prostanoids.

Functional Class IV: All available medications are approved for the therapy, but intravenous epoprostenol is the treatment of choice. Intravenous treprostinil is the second choice of therapy.

For patients with functional class I, no specific therapy as mentioned above is indicated; however, these patients may be initiated on general measures and supportive treatment and monitored for disease progression.

Combination Therapy {#sec1-12}
===================

As most of the medication mentioned above target different pathophysiological pathways, combination therapy targeting more than one pathway is likely to be more effective than monotherapy. The goal of combination therapy is to maximize efficacy and minimize toxicity. There may be synergism between two drug groups like prostanoids and PDE-5 inhibitors. The most commonly used combination is the addition of sildenafil to endothelin receptor antagonists, though the co-administration of bosentan and sildenafil can accentuate bosentan induced hepatotoxicity.\[[@ref54]\]

Invasive Techniques {#sec1-13}
===================

Atrial septostomy: Creating an interatrial communication allows right to left shunting decompressing the right ventricle. It has been shown to be of benefit in patients with refractory right heart failure.\[[@ref55]\]

Lung and combined heart lung transplant: These have been used as treatment options for 30 years with long term outcomes being comparable with patients with other primary indications for the same surgery. Hemodynamic studies, post-surgery, have shown improvement in pulmonary hemodynamics with reduction in pulmonary vascular resistance and improvement in right ventricular function.\[[@ref56]\]

Pulmonary thromboendarterectomy may be considered as a treatment option in patients with CTEPH if they have surgically accessible disease.\[[@ref57]\]

Right ventricular assist devices are investigational tools which may help in the control of refractory right heart failure.\[[@ref58]\]

Controversies in treatment (use of ACE inhibitors) {#sec1-14}
==================================================

Previous publications suggested that inhibitors of the angiotensin converting enzyme (ACE) 1 could alleviate pulmonary hypertension and reduce right heart hypertrophy.\[[@ref59]\] However, therapeutic interventions in animal models with PAH and clinical data do not support this fact. In addition, ACE inhibitors are known to possess anti hypertrophic properties in the myocardium. In patients with severe pre capillary pulmonary hypertension, in which adaptive right ventricular hypertrophy is an essential mechanism to cope with the increased afterload, pharmacological regression of the RVH could thus be potentially detrimental.\[[@ref60]\]

Cost considerations {#sec1-15}
===================

The PAH specific oral therapies in India are expensive, and thus, beyond the reach of common man. The approximate annual cost is Rs. 15,000 for sildenafil and Rs. 48,000 and Rs. 83,000 for bosentan 62.5 mg and 125 mg, respectively.

Clinical response to treatment {#sec1-16}
==============================

*Adequate clinical response* is defined as the achievement of a stable and a satisfactory clinical state, including absence of clinical signs of RV failure, stable WHO functional class I or II without syncope, a six minute walk distance of more than 500 meters, near normal or normal BNP plasma levels, no pericardial effusion, and right atrial pressures \< 8mm Hg.\[[@ref61]--[@ref63]\]

*Inadequate clinical* *response maybe stable and not satisfactory* if the limits described above are not fulfilled although the general condition of the patient is stable or *unstable and deteriorating* if the patient has progression of signs and symptoms of RV failure, worsening functional WHO class, a six minute walk distance \< 300 meters, rising BNP plasma levels, evidence of pericardial effusion and right atrial pressures \>15 mmHg.\[[@ref61]--[@ref63]\]

Future Therapies {#sec1-17}
================

Vasoactive Intestinal Polypeptide (VIP): VIP is a potent systemic and pulmonary vasodilator and its inhaled form has been found to improve hemodynamics in patients with PAH.\[[@ref64]\]

Gene Therapy: As heritable PAH is most commonly associated with heterozygous mutations in the gene in BMPR2, the idea of using BMPR2 replacement gene therapy has raised the possibility of permanent cure of this disease. However, at this stage, no human clinical trial has been completed to show positive results in this therapeutic modality. The major hindrance to widespread acceptance and use of gene therapy is the limitation of vector technology.\[[@ref65]\]

Targeting Pro-proliferative pathways: As PAH is characterized by excessive vasoconstriction and proliferation of vascular smooth muscle cells because of the over activity of several growth factors, these are being considered as potential therapeutic targets. Several case reports have suggested that in end stage pulmonary hypertensive patients, treatment with platelet derived growth factor (PDGF) inhibitor, imatinib could improve the clinical condition.\[[@ref66][@ref67]\] Serotonin is a mediator of vascular proliferation in pulmonary hypertension. Treatment of mice with overexpression of serotonin transporter with inhibitors of serotonin transporter has been found to limit PAH progression.\[[@ref68]\]

Conclusion {#sec1-18}
==========

PAH is a complex condition which has to be understood as hemodynamic abnormality seen in different disease states. Different investigations are essential to diagnose the underlying etiology and to assess disease severity. Since the treatment varies with the etiology of PAH, it is important to diagnose the underlying etiology accurately. Significant improvements in patient outcomes have been noted with the three commonly used therapies including prostanoids, endothelin receptor blockers, and PDE-5 inhibitors. In our country, however, cost remains a major limiting factor in delivering these novel therapies to the common man.
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